ABBREVIATIONS
RESULTS
The baseline prevalence of neurodisabilities was 12%. Fewer children with neurodisabilities completed high school or enrolled in PSE, compared to children without neurodisabilities, irrespective of parental education. The likelihood that students with neurodisabilities completed PSE differed according to their parents' education: students with neurodisabilities living in less-educated families were about half as likely to complete PSE themselves.
INTERPRETATION Children with neurodisabilities receive less education than children without neurodisabilities. Children from families with low educational attainment appear to be particularly vulnerable.
Education is a powerful determinant of social inclusion, leading to better opportunities in employment, higher incomes, less poverty, 1 and better health outcomes. 2 Yet there is evidence of wide social disparities in educational opportunities and outcomes in society. 1 Children with disabilities may face dual challenges in educational opportunities, but the effect of socio-economic disparities on educational outcomes among those children is yet to be documented.
Neurodisabilities encompass a large range of diagnoses, including autism spectrum disorders, cerebral palsy, and attention-deficit/hyperactivity disorder. Morris et al. 3 defined neurodisabilities as 'congenital or acquired long-term conditions that are attributed to impairment of the brain and/ or neuromuscular system and create functional limitations'. Young people with neurodisabilities may have various developmental deficits in motor, intellectual, cognitive, communication, and social functioning that can affect peers, teacher relationships, and learning acquisition. 3 For instance, the educational trajectories of these children are more often interrupted because of school absenteeism and dropping out of high school. 4, 5 In the general population, pathways through which a family's socio-economic background may impact on young people's educational attainment include their ability to pay tuition cost, educational choices made by young people, and their motivation. 6 Less is known about how robust these findings are among children and young people with neurodisabilities. Children with a mild or moderate intellectual disorder living in families with lower socio-economic status are more likely to be placed in institutional care than those from higher socio-economic status families, 7 leaving fewer opportunities for employment. 8 Additionally, young people from more educated families, especially when parents have a university degree, are more likely to access education and employment after secondary school. 8 To our knowledge, few longitudinal, population-based studies have examined the educational trajectories of young people with neurodisabilities and no study has investigated disparities in educational outcomes among children with conditions that may be categorized as neurodisabilities. Participation of people with disabilities in society on equal basis is a main concern worldwide and research focusing on individual needs and barriers is required. 9 To address this knowledge gap, we have used longitudinal populationbased data to examine three indicators of educational attainment: high school completion, post-secondary education (PSE) enrolment, and PSE completion. The goals of the study were: (1) to compare the probability of children with and without neurodisabilities to complete high school, to enrol in PSE, and to complete PSE; and (2) to examine the effects of parental education attainment on these outcomes among children with and without neurodisabilities. We hypothesized that children with neurodisabilities enrolled in high school were less likely than those without neurodisabilities to complete high school and PSE, and that this educational gap would be greater for children with neurodisabilities whose parents had low educational attainment compared to those with neurodisabilities whose parents had higher education, and those without neurodisabilities.
METHOD Data source
We used data from the National Longitudinal Survey of Children and Youth, a long-term cohort of Canadian children (n=22 381) from birth to 11 years in 1994 and 1995 in the 10 Canadian provinces. 10 This survey was conducted by Statistics Canada and sponsored by Human Resources and Skills Development Canada. 10 Children were followed at 2-year intervals until 2008-2009. Retention of the original cohort declined over time, from 91.5% (cycle 2; 1996-1997) to 68.0% (cycle 8; 2008-2009 ). The cumulative response rate for children from the initial sample in cycle 8 was 52.7%. More information about the sampling and methodology is available elsewhere. 10 For the present study, data from all eight cycles were merged and the sample was restricted to 2488 children aged 10 years to 11 years at baseline. This was the oldest cohort for which follow-up data were available until age 24 years to 25 years (cycle 8) and could provide relevant information pertaining to PSE (Table SI, online supporting information).
Measures
The survey combined computer-assisted interviewing methods and paper questionnaires. Household and child information was collected from the person most knowledgeable (PMK). Additional information on the individual's education history was obtained directly from those aged 16 years and above when relevant. The PMK was the mother for the majority (92%) of participants.
Children's educational attainment
The child's educational status was defined at each cycle, based on the answer provided by the individual to questions applicable to his or her situation. Respondents were then classified into one of five streams: (1) high school leaver, (2) currently in high school, (3) completed high school, (4) currently in PSE, or (5) completed PSE. 10 From this classification, three binary variables were created: (1) high school completion during the last 2 years, (2) enrolment in PSE during the last 2 years, and (3) completion of PSE completion during the last 2 years.
Neurodisabilities
Children with neurodisabilities were identified at baseline using a checklist, completed by the PMK, of diagnoses consistent with the definition of a neurodisability (epilepsy, cerebral palsy, intellectual disability [described as 'mental handicap' on the checklist], and/or learning disability), 3 and scores obtained on specific domains of the Health Utilities Index. 11 Based on previous research, 12 children were classified as having a neurodisability when at least one of the diagnoses was reported or when at least one domain of the Health Utilities Index was scored as follows: speech, score 3 or higher; mobility, score 3 or higher; dexterity, score 2 or higher; cognition, score 4 or higher.
PMK's education attainment
PMKs reported their educational attainment at baseline in one of four categories: (1) less than secondary school, (2) secondary school graduate, (3) some post-secondary school, and (4) PSE graduate. For the study, the PMK's education level (low education: less than high school; high education: high school or more) was interpreted as the parental education level.
Other covariates measured at baseline
Potential confounders of the relation between neurodisabilities and educational attainment were included in our analyses. They included the child's age and sex, 13 PMK's immigrant status ('not immigrant', 'immigrant'), 14 and place of residence ('urban', 'rural'). 13 Additional variables were used to describe the sample (Table I) , and details of the measures are described elsewhere. 12 
Statistical analysis
We performed separate discrete-time survival analysis to investigate the effect of having a neurodisability on the three outcomes: high school completion, PSE enrolment, and PSE completion. The proportion of children who showed the outcome by age group was estimated using cross-tabulation on a person-interval data set. The cumulative hazard proportion and the median age (i.e. the approximate age by which half of the cases showed the event) were derived from the estimated hazard function. 15 Discrete-time logistic hazard models were used to examine the association between neurodisabilities and each outcome. The logit link function was chosen as it is appropriate for events that only occur at discrete time points, such as school graduation. The age group was specified using dummy variables to allow flexibility in the shape of the baseline logit hazard. The association between neurodisabilities and the probability of achieving the What this paper adds
• Twelve per cent of children in Canada aged 10 years to 11 years have a neurodisability.
• High school completion rate was 70% for children with neurodisabilities versus 94% for children without neurodisabilities.
• Children with neurodisabilities from less-educated families are particularly vulnerable to lower educational achievement.
educational outcome was expressed as a relative risk and was estimated from the predicted probabilities derived from logistic regression.
Potential confounders were included in the models. 16 We tested the potential effect modifier of parental education and reported the results of the interaction on the additive scale by providing the relative excess risk due to interaction. 17 Negative relative excess risk due to interaction values can be interpreted as the proportion of chance to success that is missed by children with neurodisabilities when the PMK has low educational attainment compared to those for when the PMK has high educational attainment.
The analysis of PSE completion was stratified by age group to make interpretations on the length and the nature of the PSE degree. Fixed-effect dummy variables were added to account for unobserved, time-invariant characteristics that vary between Canadian provinces. We tested for the proportionality risk assumption for each covariate to determine if the covariate effects were similar across all age groups. The proportionality assumption was relaxed by including time-by-covariate interaction terms (age, the parental education level, or neurodisabilities).
All analyses included survey weights computed by Statistics Canada to account for sampling design and nonresponse and provide nationally representative estimates. 10 Standard errors were adjusted for clustering at the household level and estimated using bootstrap weights (200 replications) provided by Statistics Canada. To respect the rules of confidentiality, only weighted frequencies were supplied by Statistics Canada. Data analyses were conducted with Stata 14.1. (StataCorp, College Station, TX, USA).
RESULTS
In the original cohort of 2488 respondents (age range 10-11y at baseline), we identified 12% of children (95% confidence interval [CI] 10-14) with a neurodisability. After taking into account attrition and missing outcome data, respondents included in the analyses (Table SI) were not different from the total eligible sample at baseline regarding child and family socio-demographic characteristics (neurodisability status, sex, PMK's education level, immigrant status, place of residence). Table I shows other sample characteristics among respondents with and without neurodisabilities at age 10 years to 11 years.
We found that 70% of children with neurodisabilities had completed high school by age 24 years or 25 years (median age 19y 4mo) compared to 94% among children without neurodisabilities (median age 17y 6mo). About 71% of children with neurodisabilities had enrolled in PSE by age 24 years or 25 years (median age 20y 7mo) and 45% had completed PSE (median age >24-25y) compared to 96% (median age 18y 7mo) and 65% (median age 22y 11mo) of children without neurodisabilities respectively. The distribution of outcomes in children with and without neurodisabilities and by age group are shown in Table SII (online supporting information).
Children with neurodisabilities, compared to those without neurodisabilities, were less likely to have completed high school (relative risk=0.63, 95% CI 0.47-0.80) and less likely to have been enrolled in PSE (relative risk=0.53, 95% CI 0.38-0.69) by 24 years or 25 years of age. Children with neurodisabilities had a significantly lower chance of completing PSE compared to those without neurodisabilities at each age group studied only when parental educational attainment was low (Table II) .
The relative excess risk due to interaction strongly indicated an effect modification on the additive scale for PSE completion (Table II) . The negative values of the relative excess risk due to interaction suggested that having a neurodisability and living with a parent with low educational attainment decreases the probability of completing PSE, compared to having a neurodisability or low parental education alone (Fig. 1) . Students aged 22 years to 25 years with neurodisabilities living with parents with low education had an approximately 50% lower chance of completing PSE compared to students with neurodisabilities with high-educated parents (Table II) . b Externalizing behaviours were identified using three scales: hyperactivity-inattention, physical aggression-conduct disorder, and indirect aggression scales. Details of the measures are described elsewhere.
c
The household income is based on the low-income cut-off (LICO) score established by Statistics Canada. The LICO represents an income level at which a family will likely spend a greater portion of its income on the basic necessities (i.e. food, clothing, and shelter) than does an average family of similar size (low income: LICO ratio >1; moderate income: LICO ratio ≥1.0 and <2; high income: LICO ratio ≥2). CI, confidence interval; PMK, person most knowledgeable.
DISCUSSION
We investigated the educational careers of Canadian children with and without neurodisabilities, focusing on three indicators of educational attainment: high school completion, PSE enrolment, and PSE completion. In a large population-based, longitudinal sample we found a consistent gap between children with and without neurodisabilities in educational attainment for the three indices studied. While the level of high school completion and PSE enrolment were found to be lower among children with neurodisabilities compared to those without neurodisabilities whatever the parental education level, children with neurodisabilities were less likely to complete PSE than others only when parental education level was low.
Our study produced three main findings. First, we found that 24% fewer children with neurodisabilities completed a secondary education degree compared to those without a neurodisability (70% vs 94% respectively), and they were generally older when they did complete. As expected, this result confirms that children with neurodisabilities perform less well at school relative to other children; those who completed a secondary degree do so later than their peers without a neurodisability.
Our second finding is that most of the children with neurodisabilities who completed high school were enrolled in PSE, which is consistent with the past findings. 8 Further, two-thirds of young people with neurodisabilities who were enrolled in PSE completed that programme, similar to young people without neurodisabilities. We also reported that at age 20 years to 21 years, children with neurodisabilities were more likely to have already completed a post-secondary degree than those without neurodisabilities, who were more likely to complete PSE later (Table SII) . One of the possible interpretations of this result is that young people with neurodisabilities are more likely to graduate from short-cycle programmes (i.e. 2-y community college or technical training) compared to young people without neurodisabilities. 8 Determinants of a successful transition to PSE by young people with neurodisabilities are multiple and relate to academic performance, family income, parental expectations, 18 participation in transition programmes, 18 the availability and cost of the assistive technologies, inclusive teaching practices, coordination between student disability service offices, and discriminatory attitudes and behaviors. 19 The transition to PSE and employment is also strongly dependent on the secondary school system's capacity to adequately prepare students. 8 Students with developmental delay may require particular support to help them to deal with academic requirements and a new social environment.
Assistive technologies (i.e. voice recognition software, scanners to digitize text or talking books) are becoming more available to assist students in post-secondary settings to learn, but a family's socio-economic background could be a discriminatory factor in helping students access and use this kind of support. There may be demanding administrative processes to undergo to obtain support and the need to understand complex material, or inadequate funding in some institutions to make such materials available.
A third result was that while parental education level predicted high school completion and PSE enrolment of students with and without neurodisabilities, the chances of completing PSE was significantly decreased for those with neurodisabilities compared to those without The relative excess risk due to interaction (RERI) were calculated as follows: RR11ÀRR10ÀR01+1. For example, the RERI at 20-21y equal 0.37À0.90À1.56+1=À1.09. The 95% confidence intervals (CI) were computed using the Delta method. High-educated PMK indicates high school or further education was attained. Low-educated PMK indicates less than high school was attained.
neurodisabilities when they came from families with a low educational attainment. This is consistent with previous findings that the probability of young people with disabilities accessing education and employment after secondary school is significantly higher for young people from more socially advantaged families, and when parents have a university degree. 8, 20 Although an increasing number of young people with disabilities pursue PSE, certain vulnerable groups remain outside the system. Parental involvement (e.g. assistance in setting career, short-term, and long-term goals) was widely described as a determinant for pursuing and completing PSE throughout all stages of the child's educational career; 21 and this might serve as potential pathway through which parental education level influences their child's educational achievement. Parents' education might also impact their educational expectations toward their child, which could be lower in families with lower educational backgrounds. These mechanisms might be intensified for children with neurodisabilities living in disadvantaged families.
This study has several strengths from a substantive and design perspective. The first is its longitudinal design, which allowed us to follow a cohort of children with neurodisabilities and observe what happens to them as young adults, and to compare how outcomes differ for their peers who do not have neurodisabilities. We have examined several indicators of educational attainment among Canadian children using a representative population-based sample. We used statistical methods that appropriately account for discrete-time longitudinal data.
Some limitations should be kept in mind in interpreting the results. The measure of neurodisabilities used in this study might not encompass the whole range of neurodevelopmental conditions as defined by Morris et al. 3 The attrition rate could have an impact on the results, however, survey weights were adjusted for non-response. 10 Compared to the Canadian Organisation for Economic Co-operation and Development statistics of educational attainment, we slightly overestimated the overall rates of high school completion and PSE access/completion. Finally, the follow-up ended at 24 years and 25 years and, therefore, did not allow us to explore the complete educational career of all learners.
This study contributes to what is known about the educational attainment of young people with neurodisabilities that represent a growing part of the population. According to the United Nations Convention on the Rights of Persons with Disabilities, equal access to education for all is a human right, but the shift toward a fully inclusive educational system would require significant changes in practices.
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SUPPORTING INFORMATION
The following additional material may be found online: OBJETIVO Examinar los resultados clave en la educaci on de los j ovenes con y sin discapacidades neurol ogicas e investigar las disparidades adicionales en los logros educativos en relaci on con los antecedentes socioecon omicos.
M ETODO Los datos fueron recolectados en 2.488 niños canadienses (rango de edad 10-11 años) entre 1994 y 1995 de la Encuesta Nacional Longitudinal de Niños y J ovenes que fueron seguidos durante 14 años. Realizamos un an alisis separado de sobrevivencia discreta en el tiempo supervivencia para investigar los efectos de presentar una discapacidad del neurodesarrollo en la finalizaci on de la escuela secundaria, en la inscripci on en la educaci on postsecundaria (PSE) y la finalizaci on del PSE.
RESULTADOS La prevalencia basal de la discapacidad del neurodesarrollo fue del 12%. Menos niños con neuro discapacidad completaron la escuela secundaria o se inscribieron en el PSE, en comparaci on con los niños sin discapacidad del neurodesarrollo, independientemente de la educaci on de los padres. La probabilidad de que los estudiantes con discapacidades del neurodesarrollo completaran el PSE difer ıa seg un la educaci on de sus padres: los estudiantes con discapacidad del neurodesarrollo que viv ıan en familias con un nivel educativo bajo ten ıan la mitad de las probabilidades de completar ellos mismos el PSE.
INTERPRETACI ON Los niños con discapacidad del neurodesarrollo reciben menos educaci on que los niños sin discapacidad del neurodesarrollo. Los niños de familias con bajo nivel educativo parecen ser particularmente vulnerables.
RESUMO DISPARIDADES DA EDUCAC ßÃO EM JOVENS COM NEURODEFICIÊNCIAS
OBJETIVO Examinar os principais resultados na educac ßão de jovens com e sem neurodeficiências e investigar as disparidades adicionais no desempenho educacional em relac ßão ao contexto socioeconômico.
M ETODO Os dados foram coletados em 2488 crianc ßas canadenses (faixa et aria de 10 a 11 anos) em 1994 e 1995 da Pesquisa Nacional Longitudinal de Crianc ßas e Jovens, que foram seguidas por 14 anos. Realizamos uma an alise separada, discreta do tempo de sobrevida para investigar os efeitos de ter uma neurodeficiência na conclusão do ensino m edio, ingresso no ensino p os-secund ario (EPS) e conclusão do EPS. INTERPRETAC ßÃO Crianc ßas com neurodeficiências recebem menos escolaridade do que crianc ßas sem neurodeficiências. Crianc ßas de fam ılias com baixa escolaridade parecem ser particularmente vulner aveis.
RESULTADOS

